In the present study, polycrystalline materials of ZnSe 1-x S x (x = 0, 0.25, 0.5, 0.75 and 1) were prepared by a conventional solid-state reaction method. Thin films of ZnSe 1-x S x of about 1 m have been produced using evaporation method. The importance of ZnSe 1-x S x compound is the tunability of band gap when incorporating S into the ZnSe. Adding S at the expense of Se in ZnSe to form Zn-Se-S, which has a wider energy gap window layer to permit more light to reach the junction of solar cell. Both of optical constants (n, k) and film thickness have been determined precisely in terms of envelop method. Optical absorption spectra showed that band gap values increase with increasing S content. The electrical conductivity of ZnSe 1-x S x was studied and exhibit two type of variation versus temperature. The activation energy of linear portion of the low temperature range is lower than the activation energy of linear portion of high temperature range and it increases with increasing the sulfur content in all films in both temperature ranges.
Introduction
Due to the fear of depletion of the knowing energy sources, the whole world has been turned to the attention of solar energy, since it is a clean and renewable. The buffer layer has a crucial effect on the efficiency of solar cell system. The buffer layer of CdS has a short band gap width of about 2.42 eV [1] , so about of 20 %of the incident photons are absorbed. Subsequently it is not considered environmentally friendly and affect negatively on the efficiency of solar cell. Great efforts have been done to substitute CdS buffer layer by other nontoxic low absorbing materials. The most popular candidates were ZnS [2] [3] [4] and ZnSe [5] [6] [7] . ZnS and ZnSe belong to II VI semiconducting binary systems and have effective applications in light emitting as well as laser diodes [8] [9] [10] . If ZnS and ZnSe combine, an effective heterostructures containing ZnS/ZnSe systems will produced. The presence of sulfur (S) in ZnSeS increases the band gap width, which increases the blue response of devices [11] . ZnSeS used as light emitting diodes, visible laser diodes, light emitters and a wavelength tunable UV photodetector [12] .
In the present work, ZnSeS has been prepared using a mixture of the two compound ZnS and ZnSe by a ball milling. The most known method, evaporation technique, has been used to get thin films in order to study the structural, optical, and electrical properties. The X-ray diffraction has been used to investigate the microstructure of these films. Optical band gap, refractive index and other optical constants have been deduced using envelope method. Electrical conductivity of ZnSe 1-x S x films was measured in terms of four-probe method in the range of temperature extended from 300-440 K. The activation energy has been determined via the variation of conductivity against reciprocal of absolute temperature.
Experimental details
Polycrystalline materials of ZnSe 1-x S x (x = 0, 0.25, 0.5, 0.75 and 1) were prepared by a conventional solid-state reaction method. Using ball milling technique, Stoichiometric amounts of high-purity (99.999%) analytical grade ZnS and ZnSe powders purchased form Aldrich were mixed in a ball mortar for about 30 min according to the following reaction:
The mixed powders were then pressed into a disk-shape pellet. Such pellets were used as the starting materials from which the thin film will be prepared, the same technique was proposed for different compound in our previous studies [13] . The compositions of ZnSe 1-x S x (x = 0, 0.25 0.5, 0.75 and 1) thin films were deposited by thermal evaporating the powdered samples from a resistance heating quartz glass crucible onto dried pre-cleaned glass substrate at a pressure of about 1 × 10 −6 Pa, using a conventional coating unit (Denton Vacuum DV 502 A). During evaporation process, the thickness of the produced films was monitored using FTM6 thickness monitor. The thicknesses of the as-deposited films were studied at different compositions, in order to avoid the effect of film thickness. During the deposition process, the substrates were kept at temperature 400 K and the deposition rate was adjusted at 2 nm/s. Such a low deposition rate produces a film composition, which is very close to that of the bulk starting material [25] . The substrates were rotated at slow speed of 5 rpm, to obtain a homogenous and smooth film. X-ray powder diffraction (XRD) Philips diffractometry (1710), with Cu-K ␣ radiation ( = 1.54056 Å) has been used to examine the phase purity and crystal structure of ZnSe 1-x S x (x = 0, 0.25 0.5, 0.75 and 1). 2 ranged between 10 • and 65 • with step-size of 0.02 • and step time of 0.6 s. The elemental composition of the films was analyzed by using energy dispersive X-ray spectrometer unit (EDXS) interfaced with a scanning electron microscope, SEM (JOEL XL) operating an accelerating voltage of 30 kV, which was used to study the morphology of the film. The relative error of determining the indicated elements does not exceed 2.3%. The transmittance (T) and reflectance (R) optical spectra of the deposited films were performed at room temperature using U-vis-NIR JASCO-670 double beam spectrophotometer. At normal incidence, the transmittance spectra were collected without substrate in the reference beam in the wavelength range 300-2500 nm, while the reflectance spectra was measured using reflection attachment close to normal incidence (∼5 • ). In these measurements, the effect of slit correction was eliminated by adjusting spectrophotometer-slit width at 8 nm, which is much less than the width of the interference peaks observed at transparency region of the samples under study. Electrical conductivity of ZnSe 1-x S x films was measured in terms of four-probe method in the range of temperature extended from 300-440 K. Indium coating was used as electrodes to make ohmic contacts to ZnSe 1-x S x layers.
Results and discussion

Structural properties
The XRD pattern for ZnSe 1-x S x (x = 0, 0.25, 0.5, 0.75 and 1) thin films onto glass substrate are shown on Fig. 1 . The figure shows that the films have good crystallinity with the sphalerite (111) texture. There are significant shifts to higher angles of the (111) peaks for the films with incorporating S at expense of Se in ZnSe 1-x S x thin films. This shift may be attributed to the atomic radius of S atom (1.09 Å) is smaller than the atomic radius of Se atom (1.22 Å) and due to changes of the lattice parameter value [13, 14] . The inset of Fig. 1 shows the shift of (111) peak when adding S at expense of Se for ZnSe 1-x S x . Thus, the pure ZnSe has (111) the peak position at 27.18 • (JCPDS # 01-071-5977), whereas for pure ZnS has (111) a peak position at 28.53 • (JCPDS # 01-071-5975). The lattice structure does not change and remains a cubic ZnSe-like sphalerite structure while sulfur atoms occupy selenium sites within the lattice during film formation. Fig. 2 shows that addition of S at expense of Se can improve the transmission spectra, i.e. peaks and a valley goes toward higher transmission values. Fig. 3 shows the relation between the transmission and wavelength of the incident light for the five compositions under investigation. Fig. 3 shows a shift towards lower wavelengths in the strong absorption region of transmission spectra when increasing S in ZnSe 1-x S x thin film. Both thicknesses of the film, d and index of refraction, n of ZnSe 1-x S x thin films were estimated in terms of method of Swanepoal [15] . This method depends on the generating upper and lower envelopes through maximum and minimum transmissions (T M , T m ) of the oscillating peak as shown in Fig. 4 (a-c) for ZnSe 1-x S x (x = 0, 0.5, 1) thin films.
The main steps that have been considered in order to calculate both upper and lower envelope of transmission spectra are: i) data smoothing spline fit, ii) estimation of the location of the upper and lower tangential points of transmission spectra and iii) using the third-order of exponential decay in orgin7 (org. Lab. program) for interpolation through the estimated upper and lower tangential points. A distinct advantage of using the envelopes of the transmission spectrum rather than only the transmission spectrum is that, the envelopes are slow-changing functions of wavelength (), whereas the transmission spectrum varies rapidly with . Once the tangential points at i , between the two envelopes and the transmission spectrum are known, the refractive index can be calculated.
In terms of Swanepoel's method the value of the refractive index of the film n 1 , in the spectral region of medium and weak absorption, according to the expression [15, 16] .
where here T M and T m , are the transmission maximum and the corresponding minimum at a certain wavelength. On the other hand, the values of the refractive index of the substrate are obtained from the transmission spectrum of the substrate, T s using the well-known equation as follows [17] :
Taking into account the basic equation for interference fringes:
where, m is the interference order and d is the film thickness. The interference order is integer for maxima and half-integer for minima. The d value can be calculated from the refractive index corresponding to adjacent extreme values (n el and n e2 ) at two maxima (or minima) at 1 and 2 through the following expression [18] :
The values of d for the different samples were determined and listed as d 1 in Table 1 . In order to increase the accuracy of d, integer or half integer values of m associated to each extreme and deriving a new thickness, d 2 from Eq. (4). The value of thickness of ZnSe 1-x S x (x = 0, 0.25 0.5, 0.75 and 1) thin films was about 1 m as shown in Table 1 . Again using the values of n 1 and the values of d that have a smaller dispersion (1 > 2) for calculating the final accurate values of the refractive index n 2 in terms of Eq. (4) ( Table 1) . Now, the values of n can be fitted to a reasonable dispersion function such as the two-term Cauchy function, n() = B + A/ 2 , which can be used for extrapolation the whole wavelength dependence of refractive index, see Fig. 5 . In terms of he least squares fit of the three sets of values of n corresponding the three different composition samples, yields n = 2.66 + 14.2 × 10 4 / 2 for ZnSe, n = 2.53 + 13.9 × 10 4 / 2 for ZnSe 0.75 S 0.25 , n = 2.40 + 13.8 × 10 4 / 2 for ZnSe 0.5 S 0.5 , n = 25 + 15.6 × 10 4 / 2 for ZnSe 0.25 S 0.75 and n = 2.12 + 13.1 × 10 4 / 2 for ZnS. Fig. 5 shows that the refractive index decreases with increasing wavelength of the incident light for all the compositions. It is clearly seen in Fig. 5 the change in the n values is related to the change in the composition, i.e. ZnSe has the higher values of refractive index, ZnS has the lowest values and ZnSe 0.5 S 0.5 is intermediated between them. In Fig. 5 , the values of n decrease with increasing S at expense of Se content because of the large atomic polarizability of Se atom (with atomic radius 1.22 Å) in comparison with the atomic polarizability of S (with atomic radius 1.09 Å) [19, 20] .
Determination of the extinction coefficient and optical band gap
Using the measured values of R and T in the strong absorption region, the absorption coefficient (˛) can be calculated using the following equation [21] : It is shown that the spectral distribution of the absorption coefficient decreases with increasing the S content for ZnSe 1-x S x thin films. Extinction coefficient refers to several different measures of the absorption of light in a thin film. It can be calculated in terms of absorption coefficient, ␣ using the following relation:
Fig . 7 shows the dependence of k as a function of wavelength. It is clear for all ZnSe 1-x S x thin films that k has higher value in the strong absorption region between both valance band and conduction band but at longer wavelength the value of k become nearly zero.
The energy gap values of ZnSe 1-x S x thin films were determined in terms of Tauc's relationship [22] in the strong absorption region (˛ ≥ 10 4 cm −1 ) as follows
where, K is a constant (independent of photon energy) [23] , E opt g is the energy gap of investigated films that measured the energy between the top of valence and bottom of conduction band edges and m is a number, which characterizes the transition process. The value of m = 1/2 for allowed direct transition that occur in most crystalline semiconducting material has the value 2 for the indirect allowed transition for most amorphous semiconductors [22] [23] [24] [25] [26] .
The energy band gap, E opt g can be determined by plotting the relation between (␣h) m versus h . [27, 28] .
The increasing in optical band gap may be explained based on the increase in cohesive energy. The cohesive energy of these compositions was calculated according to relations and calculations given elsewhere [28] [29] [30] . Fig. 9 shows the variation in optical energy gap E opt g and cohesive energy, CE versus S content. This ensure the reason behind that the ZnSe has lowest energy gap but the energy gap widen as the incorporation of S to ZnSe to confirm the tenability of band gap of ZnSe 1-x S x , which recommend these composition as a buffer layer of solar cell.
Electrical conductivity of ZnSe 1-x S x thin films
The D.C electrical conductivity of ZnSe 1-x S x (x = 0, 0.25, 0.5, 0.75 and 1) thin films varies with temperature according to Arrhenius relation [31] [32] [33] = 0 e E KT (9) where 0 is a parameter depending on the semiconductor nature, K is the Boltzmann constant and E is the thermal activation energy. Fig. 10 shows the variation of D.C electrical conductivity against reciprocal of absolute temperature for ZnSe 1-x S x thin films with different temperatures at a range (300-440 K). This figure shows that the conductivity increases with increasing temperature over the all range of temperature. There are two portion stages of conductivity throughout the heating temperature range that exhibit two different straight lines as shown in Fig. 10 . The first is the variation of low temperature region (300-360 K) and the conduction mechanism of this stage is due to carriers transport in/between localized (impurities) states near the valence and conduction bands and the second variation at high temperature region (360-440 K) and the conduction mechanism is due to the conduction of the carriers excited into the extended states beyond the mobility edge. These two conduction mechanism means that the D.C conductivity is non-linear with temperature. Fig. 10 shows the gradual decrease in conductivity at the increase of S content. The main reason of gradual decrease in conductivity is (i) increase of concentration of compensating complex defects, such as vacancy of zinc-shallow donor and (ii) The contact resistance of In-ZnSe 1-x S x at ZnS content ≥50% can reach several M (contacts are not ohmic) [34] . Also, the decrease in conductivity with increasing S content of thin films might be explained by the presence of the crystallites with smaller size in respective samples. The obtained results might lead to the conclusion that the polycrystalline structure of the investigated samples plays an important role in the electronic transport properties. For polycrystalline samples it is possible to use the models elaborated for explaining the mechanism of electrical conduction in the films with discrete structure [35] .
The activation energy of the two linear portions of ZnSe 1-x S x films are shown in Fig. 11 . The values of the activation energies for both stages are declared to increase with increasing S content. On the other hand the activation energies of linear portion of the low temperature range are lower than the activation energy of linear portion of high temperature range. The obtained values of activation energy strongly differ from the values of band gap energy determined by optical measurements for ZnSe 1-x S x thin films. This suggests that the determined values of activation energy correspond to shallow donor or deep acceptor level located in the forbidden band of ZnSe 1-x S x [36] . 
Conclusions
Polycrystalline powder of ZnSe 1-x S x (x = 0, 0.25, 0.5, 0.75 and 1) have been prepared by ball milling technique by mixing of ZnSe and ZnS. The powder samples have been prepared as thin films by evaporation technique. X-ray diffraction has been used to emphasize the crystalline nature of these samples. There are significant shifts of the (111) peaks for the films with incorporating S at expense of Se in ZnSe 1-x S x thin films. This is attributed to that the atomic radius of S atom (1.09 Å) is smaller than the atomic radius of Se atom (1.22 Å). Swanepoel method has been introduced to find the film thickness, refractive index, and hence other optical parameters. It was found that the refractive index decreases with the incorporation of S to the ZnSe, over the entire spectral range, which is related to the increased polarizability of the larger Se atoms, in comparison with S atoms. A good fitting in the case of the optical direct gap was observed, according to Tauc relation, in the strong absorption region, further the non-direct gap was also determined. The results refer to that the energy gap increase with the addition of S to ZnSe in the two cases direct and indirect gaps, i.e. the energy gap widen as the incorporation of S to ZnSe to form ZnSe 0.5 S 0.5 that recommend as a buffer layer of solar cell. This trend was discussed in terms of the cohesive energy of the compositions under investigation. The variation of conductivity against reciprocal of absolute temperature exhibit two different straight lines related to extrinsic and intrinsic conduction. The activation energy of linear portion of the low temperature range is lower than the activation energy of linear portion of high temperature range and it increases with increasing the sulfur content in all films in both temperature ranges.
